The area to the southeast of the Western Desert of Egypt has been subjected to considerable development activities over the last few years. The development includes the cultivation of about 2260 km 2 of the desert lands "the well-known Toshka Project". The hydrogeological conditions of the area are subjected to detailed investigation based upon the construction of the water table maps, hydrologeologic cross-sections, pumping tests, aquifer geometry, and recharge-discharge relationship. The study revealed that the Quaternary and the Nubia sediments are the main water bearing layers in the area. The Quaternary aquifer is of limited potential and made of mixed sand with clay deposit ranges in thickness between 5 to 10 m. The Nubia aquifer is the oldest sedimentary formation and the main groundwater resources in the area. It is represented by multilayered of sand and silt exists generally under artesian conditions. It is composed of three water bearing horizons partially separated by two confining horizons and extends in thickness ranges between 70 and 230 meters. The thickness increases away from the high dam lake. The analysis of pumping tests of the aquifer indicated that its potentiality is increasing north of the High Dam Lake (HDL) whereas it decreases in the other direction. This is due to high hydraulic conductivity and aquifer thickness in the area northeast of Khor Toshka and at west of Garf Hussein. The hydraulic conductivity of the aquifer ranges between 12.73 and 0.9 m/day. The review of the changes in groundwater levels in the area showed that there is a drop in ranges between 1 and 14 meters in the last few years indicating that the extraction from the groundwater is much more higher that the replacement rate. Also, the analysis of the fluctuation of water levels of the HDL and the groundwater level indicated that the influence of water on groundwater level in the area is observed only at a distance less than 10 km from the lake shore line. Seepage from the HDL is estimated as 238.13 × 10 6 A. A. Abdel Moneim et al.
Introduction
The study area occupies the southeastern corner of the Western Desert of Egypt covering an area of 45580 km 2 . It is located in the west of the High Dam Lake (HDL), between latitudes 22˚00' -24˚00' N and longitudes 30˚30' -33˚00' E (Figure 1) . It is limited from the east by the shore line of High Dam Lake (HDL). The area has been subject to enormous form of land reclamation project that is called south Valley Development Project (Toshka project). This project aims at reclamation of about 2260 km 2 (500,000 feddan) in its primary stage and construction of huge pumping station to transfer the water from the HDL through El Sheikh Zaid canal that feeds four main distributing canals. This in addition to drilling of few productive groundwater wells. The project involves pumping of around 25 million m 3 /day. The main pump station located on the left bank of High Dam Lake about 8 km north of Toshka spillway. The pump station is designed to lift water from the Lake to Sheikh Zaid main canal with maximum static column of 52.5 m to cover the difference between the lowest level of lake storage at elevation 147.5 m and the main canal water level at elevation 200 meters. At the end of the canal it is divided into two main sub-canals extending for 22.20 km and 18.40 km respectively. The first sub-canal is subdivided into two branches, namely 1 and 2 to the north with length 24 km each. The second sub-canal is also divided into two branches namely 3 and 4 to the south with length 23.30 km and 59.50 km respectively (Figure 2) .
The present work aims at clarify the hydrogeological conditions and geo-environmental impact of such development on the water resources in the area. These resources include the surface water of High Dam Lake and the groundwater conditions in the area. To achieve the goals of the present study, many data were collected from different sources as well as the field studies. The present study included the evaluation of the aquifer characteristics, their potentiality and hydraulic parameters based on the results of the pumping tests carried out in the fourteen production wells in the area. Fluctuations of water level (surface and groundwater) over the last few years were analyzed to investigate the hydraulic relation between surface and groundwater as well the estimation of the seepage loss from the High Dam Lake.
The study area belongs to the arid region of North Africa where it is generally characterized by long hot summer and worm winter with very low rainfall. Occasional rain may take place on the area (e.g. 27 th May 1988). The mean air temperature ranges between 14.1˚C and 38.3˚C, while the monthly average of relative humidity in the study area varies greatly from 25% to 58% in winter and summer respectively. The evaporation is a function of the air temperature, air humidity and wind speed that affects largely the surface water in HDL while the water loss is very limited on the groundwater as the depth extends beyond the effect of evaporation. The evaporation from surface water body is high in summer season reaching up to 13.3 mm from the lake and low in winter.  Landforms related to groundwater with spring mounds.  Aeolian landforms include active sand dune; sand sheet and ripples, alluvial Hamada and lag Hamada.
Geologic Setting
The rock units in the area are represented by the basement rocks that are overlain by the sedimentary succession A. A. Abdel Moneim et al. 
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El Hamra Uplift (Anticline). [7] . Structurally the area is dominated by extensional tectonics in a stretch of 350 km from N to S and of over 700 km from E to W. Some of the faults herein extend for huge distances in-between the Red Sea and the Atlantic Ocean, e .g. Guinea-Nubia lineament [8] . Along some of these mega faults, crustal seismicity is high along with volcanicity in the area, extend through a long span of time in-between the Cambrian and Recent. The dominant seismicity of this region is a result of ruptures occurring along distinct fault systems [9] .
Structural Denudational Landforms
In the study area structural pattern is classified into two main categories; faults and folds, which greatly shaped the geomorphological features of the study area ( Figure 5 ). Such effect led to the formation of Dungul-Kurkur Plateau in the north and El Shap-Adindan Nubia Pediplain to the east, west and central part. Faults are originally normal faults but accompanied or inverted later by strike slip movements [10] [11] . They follow the E-W, ENE-WSW, N-S, NE-SW and NW-SE trends. The E-W faults are the most important in the study area and nearly affect the whole even the Quaternary deposits. Occasionally, the faults bifurcate and swing their courses to ENE-WSW. Commonly, they are accompanied with small folding along the fault strike well seen along the Plateau E-W fault; The N-S faults dominate the northeastern and northern parts of the area displacing the E-W faults. They are associated with horizontal displacement and classified into two groups; North Kalabsha group and South Kalabsha group. The NE-SW and NW-SE faults trends are relatively fewer in number and affect the pre-existing faults. They are characterized by horizontal displacements along their courses, whereas the NW-SE is dominantly normal dip slip faults. Kalabsha faults include several genetic types' characters. It starts in the pediment surface as normal changing into sicor whereas below Gabal Kalabsha the fault is reversal.
Groundwater Conditions
The water bearing formations in the area are represented by the two main aquifers; the Quaternary and the Nubia aquifer. In order to investigate hydrogeological conditions in the study area, the available hydrogeological data were collected and investigated. The data include lithology of the existing wells, water table data, extraction data, and seasonal depth to water table, etc. The result of the collected data is subjected to detailed review, organized and analyzed to revel the hydrogeological conditions on the area and to monitor the geo-environmental impact of the project on the groundwater and the HDL in the area.
Quaternary Aquifer
The Quaternary aquifer is composed of sandy facies mixed with clay deposits; it is of reduced thickness, ranges between 5 and 10 m. The groundwater of this aquifer is of limited quantity and therefore the Quaternary aquifer is of little hydrological importance. The number of drilled wells tapping this aquifer is limited and accordingly the available data about the Quaternary aquifer are also limited.
Nubia Aquifer
The Nubian aquifers underline southeast Egypt and also exist in Libya, Chad and Sudan. The aquifer is unconfined in the western part of the western desert of Egypt (east Oweinat) but not in the entire Nubian region. [12] , pointed out that the sandstone is highly porous with an average bulk porosity of 20%, exceeding any secondary porosity introduced by fracturing. [13] suggested that the groundwater of the Nubian aquifer system is fossil water that infiltrated locally in the past and that groundwater surface slops to the NE, indicating inflow across the Libyan and Sudan borders to the Egyptian depressions. [14] also concluded that the groundwater formed from in situ precipitation during the Late Pleistocene to Eary Holocene times. Using environmental isotopes and Hydrogeochemical techniques they determined that the main bulk of water is "fossil" and that contributions from recent recharge are insignificant. For more detailed study of the Nubian aquifer system in the western desert, are available in [15] - [21] . Based upon the lithology of the drilled wells in the area, four hydrogeological cross-sections were made ( Figure 6 ). The review of these sections indicated that groundwater in the Nubian aquifer resides in continental sandstone that unconformable overlies basement rocks and is covered by Quaternary deposits. It is the main groundwater aquifer system in the area and composed mainly of sand, sandstone intercalated with clay. The aquifer is of multilayered nature and represents the eastern fringes of the multilayered artesian aquifer of the Western Desert of Egypt. In Toshka, the aquifer system is composed of three horizons partially separated by two confining horizons (Figure 10) . According to the above described water bearing formations the saturated thickness of the Nubia aquifer ranges between 70 m in the NE at Khor Galal well (Figure 7) and 230 m in the SE at well no. 3 as shown in (Figure 9 ).
Hydraulic Properties of the Nubia Aquifer
In order to define the hydraulic parameters of the aquifer system in the area, pumping tests at 14 production wells were carried out. The location of these wells is shown in Figure 11 . Observation wells were used to monitor the drawdown around the pumping wells to determine the transimissivity and the hydraulic conductivity of the water bearing sediments. The method of [22] [23] are used in the present study. Based on the analysis of the pumping test data, the transimissivity and the aquifer hydraulic conductivity are estimated. Table 1 shows the average transimissivity values estimated at the 14 pumping wells and their classification regarding the aquifer potentiality as shown in Figure 12 .
From Figure 12 and Table 1 , it is concluded that the aquifer potentiality is increasing toward the Lake north of Khor Toshka while it is decreasing in the other direction. This is probably due to high hydraulic conductivity and aquifer thickness in the area northeast of Khor Toshka and at west of Garf Hussein. The analysis of pumping test data indicated that the hydraulic conductivity of the aquifer in the area ranges between 12.73 and 0.9 m/day at Amada and Toshka wells, respectively. Table 2 shows the calculated hydraulic conductivity at the stu- Figure 11 . Location map of the pumping test wells in the area to the west of High Dam Lake. died wells. The calculated hydraulic conductivity indicated that it increases in the northeastern part in the area of the study whereas and decreases in the middle and south parts in the area. This is definitely related to the aquifer li- 
Groundwater Flow
In order to determine the groundwater flow in the Nubia aquifer, water levels at the existing wells tapping the aquifer are collected during December 2006 and mapped using GIS and given in Figure 13 . Generally groundwater in the Nubia aquifer is flowing from east to west and is greatly affected by the basement complex uplift (which acts as a barrier for groundwater flow), the local geological structure (i.e., fault systems), the high thickness of the impervious beds (i.e., clay and shale) and their hydrologic properties are the main factors controlling the groundwater flow.
Changes in Groundwater Level
In order to investigate the changes in groundwater level in the area, data concerning the water elevation in the existing wells were collected and analyzed during the period from 1998 to 2006 (Figure 14) . Groundwater extracted from these wells is used for land reclamation in the areas. The extracted water is used to supplement the surface water for land reclamination in the area. It is noticed that there is a drop in water levels during that period ranging between 1 to 14 meter in the study area (Figures 15-17) . The highest drop in water level is observed at well No. 4 (drop is estimated as 14 meter) reflecting the high rate of extraction. Such drop indicated that the extraction rate of water is much higher than the recharging rate. The drop is expected to continue with the continuous extraction of groundwater leading to aquifer depletion in the area.
Relation between Groundwter and Surface Water
The relation between the groundwater in the aquifer and HDL is very complicated and was dealt by many authors e.g. [24] - [28] . After the construction of the High Aswan Dam and the formation of High Dam Lake, the yearly cycle of groundwater fluctuation was changed due to rapid variation in lake water levels. [24] indicated that, there is a direct connection between surface water level and groundwater level with time lag according to the distance of wells from the lake and the nature of the water bearing formation. [25] indicated that the area west of Toshka and west Adindan are affected by the fluctuation of High Dam Lake, whereas, at Toshka depression and Kurkur area, no affect of the fluctuation of High Dam Lake on groundwater was observed. [26] indicated that, there is a hydraulic connection between the water level in High Dam Lake and groundwater aquifer at Amada Road area. This hydraulic connection is effective for less than 38.5 km from High Dam Lake. [27] indicated that there is a hydraulic connection between the water level in High Dam Lake and groundwater aquifer. It was found that the hydraulic connection is very effective within a distance of about 58.32 km from the lake.
In the present study, in order to investigate the change in groundwater regime and its influence by the High Dam Lake (HDL), the available data of surface water of the lake during (1999) (2000) (2001) (2002) were collected. The loca- tion of these observation wells is shown in Figure 14 . To provide a good record of the response of water levels in the Nubia Formation to changes in water levels in High Dam Lake, data of groundwater levels were collected from 12 deep and shallow piezometers. Six piezometers are distributed perpendicular to the High Dam Lake while the others are scattered in the study area. The relation between groundwater level fluctuations in these wells is compared with the fluctuation of the water level in the High Dam Lake. The distance between the observation wells and the relation between the fluctuations of groundwater levels relative to the fluctuation of water in the HDL is given in Table 3 .
In summary, the analyses of the above mentioned data (Table 3 ) indicated that the influence of water of the lake on groundwater level in the area is observed only at well no. PW-4 and well no. PW-1. The two wells are located at 10.78 and 2.12 km from the lake shore line respectively. On the other hand, there is no relation between the groundwater in the aquifer and the changes in water levels of the lake in the other observation wells. This is mainly due to the vertical and lateral distribution of various lithologic units and the existence of tectonic barriers such as faults or volcanic (sills).
Seepage from the Lake to Adjacent Aquifers
Estimation of the water seepage from High Dam Lake into the adjacent aquifers is one of the main factors influencing the water balance of the lake. In the present study, the discharge or the seepage from High Dam Lake to the adjacent aquifers along the shoreline of about 865 km is estimated by Darcy's law as. In order to estimate the seepage toward the study area (west of the lake), the shore line of the lake is divided into six sections based upon the morphology of the lake and the distribution of the observation wells (Figure 18 ). Applying the above mention Darcy's law on the six sections using the available data of 2006, indicated that the seepage values are to be 238.13 × 10 6 m 3 /year or 275331.3 m 3 /year/km. It is important to mention that the value of the seepage depends on the changes in the levels of groundwater in the aquifer and surface water of the lake. Therefore, the value of seepage will change from season to another.
Geo-Enviromental Impacts
The development components on Toshka Project include the cultivation of about 2260 km 2 of the desert lands using surface water from the High Dam Lake in the "Toshka Project" in addition to groundwater extraction from the Quaternary and Nubia aquifers to accelerate the development of the area. Several geo-environmental impacts are expected to take place on the area. As indicated in hydrogeological setting the groundwater aquifer are subjected to over pumping to meet the overgrowing agricultural development in the area. Continuous drop in groundwater level is observed in the area. The average drop in the groundwater is ranging between 1 and 14 meters in some areas (Figure 17) . This is clear indication of the fact that the pumping from groundwater in the areas is much higher than the replacement rate of the aquifer. If the current groundwater extraction rate will be continuing in the future, the groundwater chemistry in the areas is expected to be more saline. It is expected that the groundwater quality would be deteriorated due to the increase in the salt contents in groundwater.
The irrigation development in the area will complicate the distribution and movement of groundwater in the vicinity of the proposed area for development. In particular, many proposed areas with small aquifer thickness will be saturated with the introduced water. The heads in those areas will continue to increase, resulting in potential changes in the groundwater flow directions. Changes were observed in the water flow directions between the HDL and the aquifer in some areas (particularly in areas where there is a direct hydraulic connection between the lake and the aquifer). Hence, at the proposed area for development, the flow of water takes place from the aquifer to the lake. If the groundwater extraction will continue, a reverse direction of flow will occur. Thus, the contamination of the HDL resulting from the agricultural drainage would be expected. One the other hand, it is expected that the recharge from the application of surface water for irrigation in the area will be minimal (as the basin irrigation system will not be applicable). The present study indicated that the aeration zone of the area is ranging between 65 to 10 meters and the thickness of this zone is decreasing towards the east and west (Figure 19) . It is expected that using the groundwater as source of irrigation water would lead to increasing the soil salinization due to the high rate of evaporation rate in area and the high content of salt in groundwater especially if no flushing system is applied to wash the salts from the fields. Again, using the surface water for cultivation in the area, soil salinization of the top layer due to the soil in the area is mostly clay, and will cause a great problem on the fertility of the soil.
As mentioned earlier, there is an observed drop in groundwater levels due to the over pumping in the area. Thus, if the over pumping will continue, the flow of water between the groundwater aquifer and the lake will be from the lake to the aquifer and accordingly no impact on the water quality of the lake would take place. On the other hand, once the project will be in full operation and surface water will be used for irrigation, it is expected that the groundwater level will continue to rise. This will be accompanied by the reverse flow of groundwater water (i.e. from the aquifer to the lake) and accordingly the lake water may be subjected to water quality deterioration due to the associated agricultural salt drainage to the lake. Considering the fact that the applied irrigation system of the project is the sprinkler or drip type, such impact will be limited, still the problems of the type of soil and the salts resulted from the plantation would find some kind of remedy. It is also important to mention that the land reclamation of the proposed project (2260 km 2 ), once it is fully cultivated, will have an impact on the climate conditions in the area. This impact will result in reducing the temperature rate over the area and thus reducing the evaporation rate from the lake. This will have positive impact on the water loss from the surface water body (HDL). 
Conclusions
The study area occupies the south western corner of the Western Desert of Egypt. It is located west of the High Dam Lake, between latitudes 22˚00' -24˚00' N and longitudes 30˚30' -33˚00' E. It is covering an area of 455,580 km 2 . The study area belongs to the arid region of North Africa where it is generally characterized by long and hot summer and worm winter with low rainfall. The geomorphic units of the study area include six geomorphological namely; denudational landforms, structural denudational landforms, fluvial landforms, volcanic landforms, landforms related to groundwater with spring mounds and Aeolian landforms.
The exposed rock units in the study area range in age from Pre-Cambrian to Quaternary. They are subdivide lithostratigraphically into the following rock units arranged from base to top Pre-Cambrian (Basement Rocks), Paleozoic Rocks (the Wadi Malik Formation, the Gilf Formation. Mesozoic Rocks (the Abu Ballas Formation, the Burg Formation ≡ El Sabaya Formation, the Bahariya Formation, the Nubia Formation), Cenozoic Rocks (the Kurkur Formation, the Garra Formation, the Dungul Formation, the Volcanic Rocks (Basalt), and the Quaternary Deposits (Sand Dunes and Sand Sheet, Chalcedony Playa Deposits, Calcite Deposits, Fresh Water Limestone, Tufa, and Piedmont Gravels).
The area is dominated by extensional tectonics in a stretch of 350 km from N to S and of over 700 km from E to W. Some of the faults herein, extend for huge distances in-between the Red Sea and the Atlantic Ocean, e.g. Guinea-Nubia lineament. Along some of these mega faults, crustal seismicity is high along with volcanicity in the area, extend through a long span of time in-between the Cambrian and Recent. The dominant seismicity of this region is a result of ruptures occurring along distinct fault systems.
The Toshka project aims to reclaim about 2260 km 2 of the desert lands in its first stage. The project is located in a portion of Egypt's Western Desert known as the Toshka Depression. Its basic premise is simple: using the natural Nile over flow phenomenon, to pump water out of High Dam Lake and, through gravity, to be used for reclamation of desert area in the southern part of Egypt. With the new Toshka project, the Egyptian Government plans on taking some 5000 million m 3 of water out of High Dam Lake year. The hydrogeological investigation in the area indicated that the water bearing formation in the area is represented by the two main aquifers; the Quaternary and the Nubia aquifers. The Quaternary aquifer is composed of sandy facies mixed with clay deposits; it is of reduced thickness, ranges between 5 and 10 m. The groundwater of this aquifer is of limited quantity and of brackish water quality. The Nubia aquifer is the main groundwater aquifer system in the area. The aquifer is of multilayered nature and represents the eastern fringes of the multilayered artesian aquifer of the Western Desert of Egypt. In Toshka area the aquifer system is composed of three horizons (Quseir, Taref and undifferentiated Meszoic-Paleozoic sandstone) partially separated by two confining horizons. The hydrogeological section constricted for in area indicated that, the saturated thickness of the Nubia aquifer ranges between 70 m in the northeast to 230 in the southeast.
The water levels in the Nubia aquifer differ from one locality to another. The result indicated that it is ranges between 112.14 m.a.s.l at the part of the study area and 161 m.a.s.l at the southeast part of the area. According to above described water bearing formation the saturated thickness of the Nubia aquifer ranges between 70 m in the NW at (Khor Galal well) and 230 m in the SE (well no. 3), respectively.
The analysis of the 14 pumping test data carried out in the area indicated that the aquifer potentiality is increasing toward the Lake north of Khor Toshka while it is decreasing in the other direction. This is probably due to high hydraulic conductivity and aquifer thickness in the area northeast of Khor Toshka and at west of Garf Hussein. The hydraulic conductivity of the aquifer in the area ranges between 12.73 and 0.9 m/day. The calculated hydraulic conductivity is increasing toward the northeastern part in the area of study whereas it decreases in middle and south parts in the area. This is definitely related to the aquifer lithology where thick clay succession exists in the middle and southern parts of the area.
Generally, the direction of the groundwater flow in the area is greatly affected by the basement complex uplift (which acts as a barrier for groundwater flow), the local geological structures (i.e., fault systems), the high thickness of the impervious beds (i.e., clay and shale) and their hydrologic properties are the main factors controlling the groundwater flow. The study revealed that the groundwater in the Nubia aquifer is flowing from west to east. Groundwater extraction is being carried out in the area since the 1990's, to supply the surface water for land reclamation. It is noticed that there drop in water levels during that period ranging between 1 and 14 meter. Such drop indicated that the extraction rate of water is much higher than the recharging rate. The drop is expected to continue with the continuous pumping of groundwater leading to aquifer depletion in the area so the flow of water is from east to west i.e. from the lake to the aquifer.
The analyses of the fluctuation of the groundwater level relative to the seasonal change in the water level of the HDL indicated that the influence of water of the lake on groundwater level in the area is noticed only in the observation wells located at a distance of less than 10 km from the lake shore line. On the other hand there is a relation between the groundwater in the aquifer and the changes in water levels of the lake in the other observation wells. The controlling factors for the flow of water between the lake and the aquifer are governed by the high water levels in both, the vertical and lateral distribution of various lithologic units and the existence of tectonic barriers such as faults or volcanic occurrences.
Applying Darcy's law to estimate the seepage loss from the HDL carried out on six profiles at the lake indicated that the seepage values are to be 238.13 × 10 6 m
